A number of independent cDNA clones of the Piry virus N gene message were identified and sequenced. From the resulting sequences and previously published data, we derived the sequence of the mRNA for this protein. Sequence similarities of the translated region of Piry virus with that of other viruses suggest that Piry virus is as distantly related to Chandipura virus as it is to the vesicular stomatitis viruses of Indiana and New Jersey serotypes. Based on the relative conservation of the amino acid sequence of the nucleocapsid protein of these vesiculoviruses, the N protein can be subdivided into at least three regions, possibly indicative of functional domains.
Piry virus, first isolated by R. E. Shope in 1960 from an opossum in Brazil (Taylor, 1967) , is a member of the vesiculovirus genus of the family rhabdoviridae. Serological studies (Cartwright & Brown, 1972) and virus interference studies (Crick & Brown, 1972) suggested that Piry virus was not closely related to any other known members of the vesiculovirus genus. As the nucleocapsid (N) protein of the rhabdoviruses carries antigenic group specificity, sequence comparisons between the Piry virus N protein and those of other distantly related vesiculoviruses may highlight conserved regions essential to this virus group.
The first 240 nucleotides of the 3' end of the Piry virus genome, including 190 of the N gene, have been sequenced by Nichol & Holland (1987) . In this paper, we present the complete sequence of the N gene of Piry virus and compare the nucleoprotein gene product with that from Chandipura virus and the vesicular stomatitis viruses (VSV) of the Indiana and New Jersey serotypes.
Piry virus, originally obtained from the Centers for Disease Control, Atlanta, Ga., U.S.A., was characterized and grown in mouse L cells as previously described (Bell & Prevec, 1979; Brown & Prevec, 1979) . Cells were infected at an m.o.i, of 20 p.f.u, per cell. The infected cells were resuspended to 106 cells/ml in Joklik's modified medium containing 2~o newborn bovine serum and incubated, with stirring, for 7 h at 37 °C. The cells were then collected by centrifugation, washed three times with phosphate-buffered saline and resuspended with pipetting in 0-5 ~ Nonidet P40. The cell nuclei were pelleted by centrifugation and RNA was extracted from the supernatant material using cold phenol extractions.
The RNA was quantified by absorbance measurements, and the poly(A)-containing RNA fraction was isolated by adsorption to and elution from a poly(U)-Sepharose column. The resultant material was assumed to be 1 ~ of the starting RNA and was converted to cDNA using an oligo(dT) primer, following the procedure of Gubler & Hoffman (1983) . The dsDNA products were ligated into the BamHI site of plasmid pUC18 after filling in the BamHI overhangs with the Klenow fragment of DNA polymerase I. This cDNA plasmid library was used to transform Escherichia coli Le392 cells and the resultant ampicillin-resistant white colonies were individually picked into tubes, grown and frozen for subsequent analysis.
In order to prepare a probe for screening the cDNA clones, RNA was extracted by the phenol method from Piry virus that had been purified on a sucrose gradient. An oligonucleotide complementary to bases 26 to 45 of the Piry virus genomic sequence (Nichol & Holland, 1987) was used to prime the synthesis, with reverse transcriptase, of a radiolabelled ssDNA probe which would extend into the N gene region. The labelled DNA was used for colony hybridization analysis of the pUC clones described above. The plasmids extracted from clones giving a positive signal and containing the largest inserts were selected and sequenced using both forward and reverse primers from pUC sequences. One large insert (A380) provided a sequence which overlapped with the partial Piry virus N gene sequence of Nichol & Holland (1987) Restriction enzyme analysis was used to determine the size of the insert in the plasmids of interest. All inserts contained the poly(A) sequence but had differing amounts of the 5" end of the gene, confirming the independence of the plasmids. This provided the opportunity to obtain overlapping sequences of the gene using the same pUC-derived primers. Additional oligonucleotide primers were used to obtain sequences from other regions. The double-stranded template sequencing method using dideoxynucleotide termination (Sanger et al., 1977) was employed on all plasmids. The A380 sequence was also recloned into pUC119 to provide an ssDNA template. This was completely sequenced using appropriate DNA primers. Not all sequence analyses were equally reliable; however, all regions of the gene were confirmed by at least two, and in most cases more than two, unequivocal independent sequences. The 13 nucleotide long untranslated 5' region, as described by Nichol & Holland (1987) , begins with the sequence AACAG common to all vesiculoviruses. The untranslated 3' region, which in the Piry virus N message is 4t nucleotides in length, ends with the sequence TATG-poly(A), which is also common to all known vesiculovirus messages. Apart from these terminal nucleotides, there is considerable variation both in length and sequence in the 3' untranslated region in different vesiculoviruses. ............................................................. Although there are clearly short stretches of residues within each of the three major regions which are more or less highly conserved than the region as a whole, the global subdivision into three major regions on the basis of intra-genus variation may delineate three distinct functional domains of the nucleocapsid protein. It is of considerable interest in this regard that electron microscopic observation of the nucleocapsid structure of VSV shows that RNA interacts with the central portion of the N protein molecule (Thomas et al., 1985) . On the assumption that domains I, II and III, as defined above, are arranged linearly along the final N protein molecule, this observation would suggest that highly conserved domain II interacts with RNA, whereas the more variable amino-and carboxyterminal domains may be responsible for the proteinprotein interactions in which the N protein is involved. The hydropathy profiles of the four vesiculovirus N proteins are presented in Fig. 3 . There is considerable similarity in the relative profiles within the genus even outside the highly conserved central region II of the protein. Within region II, the protein consists of alternating hydrophilic and hydrophobic stretches of five to 10 amino acids, interrupted by a longer hydrophobic segment between amino acids 210 and 250. This latter segment probably constitutes an alpha helix as predicted by the method of Chou & Fasman (1974) , whereas the surrounding regions have considerable 'turn' potential. The structural significance of the conserved hydropathy motifs remains to be determined:
These sequence comparisons of nucleocapsid proteins suggest possible points of attack for site-directed mutagenesis aimed at elucidating N protein structurefunction relationships. The fact that the N protein of the vesiculoviruses must interact with RNA in a nucleotide sequence-independent fashion, and must also have a site (or sites) for interaction with other N proteins or the P protein, make this a subject of some interest at the structural level.
